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An effective Lagrangian approach based on the heavy quark and chi-
ral symmetry is introduced to analyse the spectroscopy of open charm
mesons. Strong two-body decay widths and ratios of branching fractions
are computed, and this piece of information is used to assign quantum
numbers to recently observed charmed states which still need to be prop-
erly classified.
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1 Introduction
In the last few years a big amount of data on heavy mesons, i.e. mesons comprising
a light antiquark and a heavy quark (charm or beauty), has been generated from
experiments. The observed particles need a classification in terms of spin-parity,
radial quantum number and angular momentum. In the following, we will exploit
the properties of QCD in the heavy quark limit to compute heavy-meson strong
decay rates, focusing in particular on mesons with open charm; by comparing such
quantities with available data from Belle and BaBar Collaborations, we will be able
to propose or test their classification. Recently, some analyses in this sector have also
been performed by the LHCb Collaboration [1], and many states have been confirmed.
To determine the framework on which our results are based, it is worth reminding
the properties of QCD in the heavy quark limit. The heavy-quark QCD Lagrangian,
in the limit mQ → ∞, has two symmetries: heavy-quark flavor symmetry, since it
does not depend on the mass of the heavy quark, and heavy-quark spin symmetry,
since it does not contain gamma matrices. Standing the latter property, it turns out
that the spin of the heavy quark (sQ) and the total angular momentum of the light
degrees of freedom (~s` = ~`+ ~sq) are separetely conserved in strong interactions, and,
as a consequence, heavy mesons can be arranged in doublets characterised by the
value of s`. The total angular momentum of the two mesons belonging to the doublet
s` is given by J = s` ± 1/2. Such doublets can be described by effective fields, as
summarized in Table 1. Along with these states, we have also considered the first
radial excitation (n=2), which will be denoted by putting a tilde over the symbol of
the ground state.
` sP` States J
P Doublets
0 1/2− (P, P ∗) (0−, 1−) Ha =
1+/v
2 [P
∗
aµγ
µ − Paγ5]
1 1/2+ (P ∗0 , P ′1) (0+, 1+) Sa =
1+/v
2
[
P ′µ1aγµγ5 − P ∗0a
]
3/2+ (P1, P
∗
2 ) (1
+, 2+) Tµa =
1+/v
2
{
Pµν2a γν − P1aν
√
3
2γ5
[
gµν − 13γν(γµ − vµ)
]}
2 3/2− (P ∗1 , P2) (1−, 2−) X
µ
a =
1+/v
2
{
P ∗µν2a γ5γν − P ′∗1aν
√
3
2
[
gµν − 13γν(γµ + vµ)
]}
5/2− (P ′∗2 , P3) (2−, 3−) X
′µν
a =
1+/v
2
{
Pµνσ3a γσ − P ∗
′αβ
2a
√
5
3γ5
[
Kµναβ
]}
Table 1: Heavy meson doublets. In the X ′ expression, Kµναβ = g
µ
αg
ν
β − 15γαgνβ(γµ −
vµ)− 1
5
γβg
µ
α(γ
ν − vν).
We are interested in the decays F → HM , of an excited meson (F = H˜, S, T,X,X ′)
to the lowest lying doublet (H) plus a light pseudoscalar meson. The Lagrangian
terms describing these processes reproduce the properties of QCD in the heavy quark
limit and respect chiral symmetry; they have been obtained at leading-order in the
1
heavy-quark mass and in light meson momentum; the details about these Lagrangian
terms and the expressions for the corresponding widths, that will be used in the fol-
lowing, can be found in [2]. Since they depend on some effective parameters, the
coupling constants, it is convenient to consider the ratios of widths in which such
couplings cancel, in order to get model independent quantities. Notice that, since the
momentum ~p of the light pseudoscalar meson in such decays is small, and since the
widths scale as |~p|2`+1 [2], mesons decaying with a small (large) ` should be broad
(narrow). This property will be as well used in the following discussion.
2 Filling the doublets
In this section, the classification of recently observed heavy mesons in the charm
sector will be discussed. A summary of the results is presented, whereas the details
about the computation can be found in [2].
D∗2(2460), D
∗
s2(2573)
These states have JP = 2+ (T doublet) [3]. The comparison between our
results and the experimental values [3] of the following quantities confirms this
assignement: Γ1
Γ2
=
Γ(D∗2(2460)
±→D0pi+)
Γ(D∗2(2460)±→D∗0pi+) = 2.266 ± 0.015, R12 =
Γ1
Γ1+Γ2
= 0.694 ±
0.001 (to be compared with the experimental values Γ1
Γ2
= 1.9 ± 1.1 ± 0.3,
R12 = 0.62±0.03±0.02); Γ1Γ2 =
Γ(D∗2(2460)
0→D+pi−)
Γ(D∗2(2460)0→D∗+pi−) = 2.280±0.007, R12 =
Γ1
Γ1+Γ2
=
0.695±0.001 (to be compared with the experimental values Γ1
Γ2
= 1.56±0.16±0.3,
R12 = 0.62± 0.03± 0.02); BR(D
∗
s2(2573)→D∗0K+)
BR(D∗s2(2573)→D0K+) = 0.091± 0.002 (which should be
lower than 0.33 according to experimental data). The only discrepancy occurs
in the neutral channel.
D(2750), D(2760)
They have been first observed by BaBar, and identified with the ` = 2 states
[4]. Assuming they have JP = 2−, 3− (X ′ doublet), respectively, we find
BR(D∗0(2760)→D+pi−)
BR(D∗0(2750)→D∗+pi−)
∣∣∣
X′ doublet
= 0.660 ± 0.001 [2], which agrees with the experi-
mental measurement, giving 0.42± 0.05± 0.11.
DsJ(2860)
First observed by BaBar [5], it decays to both DK and D∗K, so it can only
be one of the following states: 1−3/2, 2
+
1/2, 3
−
5/2. The first possibility is excluded
by observing that it should decay in p-wave, and so should be a broad state,
while the experimental width is 48 ± 3 ± 6 MeV. The quark model predicts a
larger mass for the 2+1/2(n = 2) state [6], so the 3
−
5/2 assignment is supported [7].
However, if we compare the experimental measurement BR(DsJ (2860)→D
∗K)
BR(DsJ (2860)→DK) =
2
1.10 ± 0.15 ± 0.19 with the theoretical outcome, 0.39 ± 0.01, we find that it
does not match the experimental number (this is also the case for the other
possible assignements). Our claim is that, since its spin partner (whatever the
classification is) is expected to have a similar mass (see its computation below),
the experimental measurement may be contaminated by its decay. Indeed,
if this contribution is added to the theoretical prediction, we find agreement
and the identification with 3−5/2 is saved [2]:
Γ(DsJ (2860)→D∗K)+Γ(D∗′s2(2851)→D∗K)
Γ(DsJ (2860)→DK) =
0.99± 0.05 .
D(2550), D∗(2600)
The Babar Collaboration has suggested that these states are the first radial
excitation of the ` = 0 doublet [4]. For D∗(2600), the experimental ratio
BR(D∗0(2600)→D+pi−)
BR(D∗0(2600)→D∗+pi−) = 0.32 ± 0.02 ± 0.09 is not reproduced by the theoretical
outcome 0.822 ± 0.003. Even assuming a different classification for D∗(2600)
among the allowed ones, this number cannot be reproduced by a state with such
a mass [2]. New observations by LHCb may shed light on this issue.
D∗s1(2700)
This state with strangeness has been observed by Belle [8] and BaBar [9] both
in DK and D∗K final state, so it has natural parity. We support the hypoth-
esis that it is the first radial excitation of Ds(2112) (1
−) [10], as confirmed
by the comparison between the experimental measurement
BR(D∗s1(2700)→D∗K)
BR(D∗s1(2700)→DK) =
0.91± 0.13± 0.12 [5], and the corresponding theoretical outcome in the present
framework, being 0.91± 0.03.
Within this framework, the masses of not yet observed states can be predicted
as well. To this aim, we will assume that the mass of the strange quark affects the
mass of both mesons in a given doublet in the same way, or, in other words, the
only effect of the mass of the strange quark is to shift the mass of the mesons in a
given doublet by the same amount. For instance, we can predict the mass of the spin
partner of DsJ(2860), i.e. the state D
′∗
s2, by requiring MD′∗s2 −MD′∗2 = MDs3 −MD3 ;
we only assume that the non-strange states D′∗2 = D(2750) and D3 = D(2760) fill the
same doublet in the cq spectrum as D′∗s2 and DsJ(2860) in the cs spectrum, without
specifying which doublet ∗. Then, we get MD′∗s2 = 2851± 7 MeV. This value has been
already used above in the discussion about DsJ(2860).
Analogously, we can compute the mass of D˜s, the first radial excitation of the 0
−
meson, by requiring MDs−MD0 = MD˜s−MD˜0 , thus obtaining MD˜s = 2643±8 MeV.
By writing a similar relation for the 1− states, we get MD˜∗0 = 2604± 9 MeV, a value
which is compatible with the mass of D∗(2600) and would confirm the identification
of this state as the first radial excitation of the 1− meson in the cq spectrum.
∗A possible classification of D(2750), D(2760), DsJ(2860) in the T˜ doublet is discussed in [2]
3
3 Remarks and further applications
As a result, the cq and cs spectra would look as shown in Fig. 1 (further experimental
and theoretical details can be found in [11]). The fundamental 1/2− mesons, and
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Figure 1: cq (left panel) and cs (right panel) spectra, for n=1. The state D′∗s2(2851)
has not been observed; its mass has been predicted within this framework.
the 1/2+ and 3/2+ ones are well established in both sectors. Some issues remain for
the D∗s0(2317) and D
′
s1(2460): they have almost the same mass as their non-strange
partners and are very narrow, while the 1/2+ states are expected to have a large width,
their decay occurring in s-wave [12]. A discussion on the mass of D∗s0(2317) can be
found in [13], where a combined basis of quark-antiquark and DK molecular operators
has been used. Furthermore, their small width can be understood by observing that
they are below the DK and D∗K thresholds, respectively, so they can only have
isospin violating decays.
Other applications of the framework discussed here regard the spectra of mesons
with open beauty. In order to estimate the mass of unknown beauty mesons, one can
use charm data and take advantage of heavy-flavor symmetry, requiring
∆
(c)
F = ∆
(b)
F , λ
(c)
F = λ
(b)
F , (1)
where ∆F is defined as ∆F = MF − MH , MF being the spin-averaged mass of
a doublet F , and λF accounts for the hyperfine splitting, i.e. the mass splitting
between the two states in a doublet. They appear in the first-order Lagrangian terms
L =
1
2mQ
∑
F
λFTr[F
(α)(β)
a σ
µνFa(α)(β)σµν ] , (2)
where F represents a doublet in Table 1, and are given by
λH/S =
1
8
(
M2P ∗ −M2P
)
λT/X =
3
16
(
M2P ∗ −M2P
)
λX′ =
5
24
(
M2P ∗ −M2P
)
. (3)
4
Eq. (1) means that the mass splittings ∆F between doublets are the same for charmed
and beauty mesons (first relation), and the mass splitting λF between spin partners
are the same for charmed and beauty mesons (second one). The l.h.s. of the two
equations are fixed by experimental data; then, predictions for beauty mesons in the
r.h.s. can be obtained. Finally, it is also possible to fix the values of the coupling
constants, by using the experimental data of the decay width. A detailed discussion
on these issues can be found in [2].
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